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(54) Electronic unit 

(57) Electronic unrt in which a heat conductive 
mounting comprises two spaced apart holding elements 
providing a receiving station for a printed circuit board. 
Edge regions of the board are in heat conductive en- 
gagement with the holding elements. Heat is conducted 
from electronic components on the board into the hold- 



ing elements and from there into heat pipes connected 
to the holding elements. A housing arouDd the heat 
pipes has apertures for flow of cooling air around the 
heat pipes. Part of the housing around the receiving sta- 
tion is thermally insulated thereby ensuring that sub- 
stantially all of the heat is removed through the heat 
pipes. 
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Description 



This invention relates to electronic units 
Of recent times there has been a growing interest 
in the use of electronic apparatus and equipment in out- 
side plant environments particularly for wireless tele- 
communications usage including broadband applica- 
tions. Such applications may include the use of sub- 
strates carrying electronic components. Such compo- 
nents may vary in theirphysical size andcooling requ.£ 
ments the latter of which on a substrate is also affected 
by the density and arrangement of the components To 
prevent breakdown of individual components and thus 
of total apparatus or equipment, heat needs to be re- 
moved to prevent excessive heat build-up which may 
result ,n such a breakdown. Failure does of course lead 
to expenditure on maintenance and repair procedures 
as well as in the cost of replacement parts or in the com- 
plete electronic circuitry members. Electronic equip- 
ment is sometimes provided with electrically operated 
fans to remove unwanted heat. Outside temperatures 
may average between -20°C and 35°C with average 

Sc TStT 01 1S ° C ' Tem P erat "« kernes from 
-50 C to + S0°C may occur and the problem is exacer- 
bated ,n that low temperature conditions occur at niqht 
when power dissipation from the equipment is at its min- 
imum and radiation to the night sky is providing maxi- 
mum cooling. Conversely, high temperature peaks oc- 
cur when the equipment is at its maximum power dissi- 
pation and solar loading is at its maximum. Electrics^ 
controlled heating means are provided particularly for 
use in outside environments which are subject to such 
large drfferences in temperature, such heating means 
being operable in concert with the cooling fans to main- 
tain the electronic components within normal operatinq 
temperature ranges. In these cases, it is not unusual to 
incorporate shutoff dampers operating in conjunction 
with fan operation either to allow flow of cooling air or to 
prevent cooling air circulation when the heating means 
is switched on. ' 

As may be seen from the above, continued opera- 
tion of electronic components incorporated in electronic 
equipment is dependent upon temperature control be- 
ing maintained. Thus, if there is a breakdown in temper- 
ature control devices then failure in one or more elec- 
tronic components may be prevented only if the break- 
down .s corrected sufficiently quickly. Electronic equip- 
ment using both cooling and heating devices is most vul- 
nerable to breakdown. In particular, in electronic equip- 
ment used in outside environments incorporating both 
cooling and heating devices, it is not practical in most 
outs.de situations for personnel to be expected to main- 
tain regular inspections of the equipment to ascertain its 
correct operation. Also, outside repair may be extremely 
time consuming because of location and weather con- 
ditons as compared to a similar inside repair operation 
There is therefore a high potential risk that breakdown 
in relatively inexpensive heating and/or cooling devices 
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«n.l resuft .n failure of electronic components which 
could be extremely expensive to replace, for instance 
rf the whole of a printed circuit board carrying the com- 
ponent needs to be replaced. 

In order to overcome the above problems and avoid 
tf>e necessity of using electrically operated cooling and 
healing equipment, passive thermal and humidity solu- 
tions have been proposed. For instance, in U.S. Patent 
5JS48.643 a wireless base station is provided for out- 
door use and having a passive heat control comprising 
a heat conductive upwardly extending vertical rear wall 
and an upwardly extending air flow passage intercon- 
nected for air circulation at upper and lower positions to 
an upwardly extending rearward air flow passage de- 
fined partly by the rear wall. At least one circuit pack 
extends upwards within the housing of the base station 
with electronic components extending into the forward 
air passage. In operation heat generated flows through 
the air passages to be collected by the rear wall to be 
dispersed outwardly from the base station. Such equip- 
ment as described in this patent is suitable for heat con- 
trol for low power electronics and because of the design 
arrangement it is extremely difficult or impossible to pro- 
vide means for the passive thermal and humidity man- 
agement to operate effectively over a wide range of 
electrical power requirements. Such i.mnations of use 
also apply to an electronic unit as described in U S Pat- 
ent 5,552,961 which employs a phase change material 
to control the position of a printed circuit board relative 
to a heat sink so as to change the rate of heat removal 
from the board as required to control the temperature of 
the board and thus of its components. 

The present invention seeks to provide an electron- 
ic unit having a passive thermal management and which 
may be designed to operate within a wider electrical 
power range. 

Accordingly, the present invention provides an elec- 
tronic unit comprising a heat conductive mounting com- 
prising two spaced-apart holding elements defining a re- 
ceding station region for at least one substrate carrying 
an electronic component with remote edge regions of 
me substrate heW in heat conductive engagement with 
ttie holding elements, heat pipe means heat conductive- 
ly connected to the holding elements for removal of heat 
from the conductive mounting, and housing means 
around the receiving station region, the conductive 
mounting and the heat pipe means, the housing means 
formed with apertures to permit cooling air to flow by 
convection across surfaces of the heat pipe means 

In the above defined invention, the heat pipe means 
while being connected to the conductive mounting is not 
restricted by the size of the mounting, by the size of the 
receiving station region or by the number of substrates 
to be earned by that region. Thus, the size and design 
of the heat pipe means and hence its heat removal ca- 
pacity may be as required and may be such as to be 
capable of removing required amounts of heat from the 
receiving station region up to at least 700 watts of heat 
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dissipation. 

Preferably the housing means comprises a housing 
part which extends over the receiving station region and 
which is thermally insulated to restrict heat conductivity 
through the cover from the receiving station region. With 
this arrangement, the rate of heat removal is controlled 
substantially completely by the heat pipe means alone. 
Hence, for hot conditions within the receiving station re- 
gion, the heat pipe means is effective in removing heat 
as required to prevent over heating of the electronic 
component on the substrate. Alternatively, when the 
ambient temperatures are low, then to maintain a pre- 
ferred operating temperature range of the electronic 
component, the thermally insulated part of the housing 
severely restricts conduction of heat from the receiving 
station region. With the temperature sufficiently low, the 
fluid within the heal pipe means is caused to freeze 
thereby preventing fluid motion and the conduction of 
heat through the heat pipe means from the receiving sta- 
tion region. In such low tempsralure circumstances 
therefore the receiving station region is substantially 
completely thermally insulated from the ambient envi- 
ronment whereby a heat threshold is maintained within 
that region. 

In the case where thermal insulation is provided for 
the housing part surrounding the receiving station re- 
gion, then it is preferable for a humidity control device 
to be provided in the housing to enable a moisture bal- 
ance to be created between the inside and the outside 
of the thermally insulated part of the housing. With the 
receiving station region operating at a higher than am- 
bient temperature during low temperature conditions, 
this also prevents the build-up of condensate upon the 
substrate or electronic component which could cause 
deterioration and breakdown of the system. 

Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which:- 

Figure 1 is a partially exploded isometric view of an 
electronic unit according to a first embodiment, the 
unit also shown partly in section; 
Figure 2 is a view similar to Figure 1 showing the 
unit of the first embodiment with a housing means 
removed; 

Figure 3 is a cross-sectional view through the unit 
of the first embodiment taken along line Ill-Ill in Fig- 
ure 1; 

Figure 3a is a cross-sectional view of the unit of the 
first embodiment taken along line llla-llla in Figure 
1; 

Figure 3b is a cross-sectional view of part of the unit 
of the first embodiment taken along line lllb-lllb in 
Figure 1 and to a larger scale; 
Figure 4 is a view similar to Figure 3 of a modifica- 
tion of the first embodiment; 
Figure 5 is a view similar to Figure 3 of a second 
embodiment; 
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Figure 6 is a view similar to Figure 3 of an electronic 
unit according to a third embodiment; and 
Figure 7 is a vertical cross-sectional view of an elec- 
tronic unit according to a fourth embodiment. 

5 

In a first embodiment as shown in Figures 1 , 2 and 
3, an electronic unit 10 for outside plant usage generally 
comprises a receiving station region 12, heat pipe 
means 14 for extracting heat in controlled manner from 
10 the receiving station 1 2 and a housing means 16 which 
surrounds the receiving station region and the heat pipe 
means. The heat pipe means comprises two heat pipe 
structures 1 4 disposed one at each side of the receiving 
station region 1 2. 
is The receiving station region comprises two spaced 
apart vertically extending holding elements 18 providing 
between them a plurality of vertical side-by-side receiv- 
ing stations for substrates in the form of printed circuit 
boards 20 each carrying a plurality of electronic compo- 
se nents 22 as part of the circuitry of the board. The holding 
elements 1 8 are held in relative positions by frame mem- 
bers 1 9. For reception purposes of the boards 20 in the 
receiving stations, the holding elements 1 8 are provided 
with vertically extending guide slots 24 which are 
25 aligned from one holding element to the other for the 
vertical sliding reception of the boards 20. The boards 
20 when disposed in their receiving stations lie in fric- 
tional engagement with the sides of the guide slots 24 
whereby the boards are in heat conductive engagement 
30 with the holding elements 1 8. The whole of the receiving 
station region 12 including the holding elements 18 is 
contained within a central part 26 (Figures 1 and 3a) of 
the housing means and with the central part 26 of the 
housing means having portions 28 extending around re- 
35 mote end faces of the holding elements 1 8 as shown by 
Figure 3. The holding elements 18 are formed from a 
heat conductive material such as aluminum. 

Each of the heat pipe structures 1 4 is heat conduc- 
tively connected to an individual holding element 18 as 
40 shown particularly by Figures 2 and 3. Conveniently, for 
mounting reasons upon a vertical wall such as wall 30 
shown in Figure 3, the two heat pipe structures 14 ex- 
tend from opposite sides of the receiving station region 
as stated above so as to be in lateral alignment with the 
45 receiving station region. The unit is conveniently provid- 
ed with wall mounting brackets 32 which may, for in- 
stance, as shown by Figure 3, be connected to the hous- 
ing part 26 if this is sufficiently strong for the purpose. 
Alternatively the brackets 32 extend through the hous- 
so ing part 26 to be connected to a frame member 1 9. 

It is necessary for each heat pipe structure to have 
at least one heat pipe and in the case of the embodi- 
ment, there are three heat pipes 34 which are heat con- 
ductively connected to the associated holding element 
ss 18. The outer vertical surface of each holding element 
18 is provided with a semi-circular vertical groove 36 for 
heat conductive contact to the three heat pipes 34 of the 
associated structure 14. As shown by Figure 2, each 
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heat pipe 34 comprises an upwardly extending portion 
38 which is secured within the groove 36 in heat con- 
ducts engagement around substantially half the cir- 
cumference of the tube portion 38 with the holding ele- 
ment 18. Thethreeportions38ofthetubesaredisposed s 
vertically apart in series with each heat pipe 34 havino 
a i honzontal portion 40 extending from the upper end of 
he vertical portion 38. Thus the horizontal portions 40 
he vertically one above the other and extend outwardly 
from the holding element 18 and away from the receiv- w 
ing station region. Each heat pipe structure also in- 
cludes a plurality of heat emitting fins 42 which are ear- 
ned by the portions 40 of the heat pipes 34. While it is 
possible for each horizontal portion 40 to carry its own 
individual small fins, with the construction of the embod- is 
iment and to provide a large heat emitting surface area 
each of the fins 42 extends vertically for at least the ver- 
t.cal d.stance of each of the holding elements 18 and is 
secured heat conductively to each of the horizontal por- 
tions^ of the pipes 34. Thus, in each structure 1 4. each to 
of the p,pes 34 ,s heat conductively connected to all of 
he ,ns 42 and holds the fins horizontally spaced-apart 
to allow for convecton of cooling air to pass upwardly 
between the f.ns. Each of the fins 42 is thus of its largest 
size compatible wrth exposing the greatest surface area 2S 
tor heat exchange purposes. 

The housing means 16 also comprises two housing 
parts 44 disposed one at each side of the part 26 i e 
so as to cover the heal p,pe structures 1 4. As indicated 
by F,gure 1. each of the housing parts 44, which is 30 
mounted upon the housing part 26. is horizontally re- 
movable by siding movement from the associated heat 
Pipe structure 14 and away from the receiving station 
region 12. Each of the housing parts 44 is non-thermally 
insulated. As will be realized, it is necessary for con vect- 35 
ed a,r to pass between the fins 42 lor removal of heat 
from the heat pipe means. For this purpose, a back 46 
front 48. top 50 and base 52 of each of the housing parts 
44 are provided with air flow apertures 53 as will now 
be described. An end lace 54 of each of the housing 40 
parts 44 is not provided with air flow apertures but may 
have such apertures if required. It is an important aspect 
of the embodiment that each of the air flow apertures 
has a depth 'd' which exceeds the width V of the aper- 
tures shown by Figure 3b. This is provided for the pur- 45 
pose of ensuring that little or no sunlight actually imping- 
es upon each heat pipe structure 14 and which could 
negatively affect the release of heat therefrom. While 
the apertures may be of any configuration which provide 
fhe required depth to wtith ratio, i.e. the apertures may so 
be circular, in this embodiment the apertures are formed 
as slots as shown by Figure 1 The apertures lie in rows 
wrth the apertures in each row slightly spaced apart and 
parallel and with the apertures being spaced end-to-end 
from one row to another. In the front, rear and top walls ss 
the apertures extend upwardly and in the base 52 they 
extend from front to rear of the housing part 44 

In use of the electronic unit of the first embodiment 



a top of the housing part 26 is removable (not shown) 
for insertion and removal of the printed circuit boards 20 
as required. Upon insertion, each of the boards 20 
makes connection with a common interconnection 
board 58 extending horizontally along the base of the 
receiving station region. During operation, heat gener- 
ated by the electronic components upon each of the 
printed circuit boards 20 is transferred along the boards 
and into the holding elements 18. For assisting in heat 
conduct™, it is preferable for each of the printed circuit 
boards to have a heat spreader plane, preferably of cop- 
per, extending throughout the area of the board to trans- 
fer heat to its outer edges. The heat reaching the hous- 
ing elements 1 8 is then transferred into each of the heat 
pipe structures 14 through the vertical pipe portions 38 
and from thence into heat pipe portions 40 and into the 
tins ,42. Converted air passing through the housing parts 
44 is converted between the fins 42 for removal of the 
heat. Because of the positioning of the apertures 53 in 
each of the walls (except possibly the end wall) of the 
housing parts 44, then converted air may pass upwardly 
through the apertures in the base 52 and through aper- 
tures in either the f ront and rear walls, through the top 
wall 50 or through each of these walls dependent upon 
the methods of mounting of the unit upon a mounting 
wall. The converts ot air may also be anected Oy wind 
force and wind direction which may in fact cause cooling 
air toflow with a horizontal component between the front 
and rear walls of the housing parts 44. 

Thus, in use, with the housing part 26 thermally in- 
sulated, insignificant quantities of heat are conducted 
ttirough this housing part. Hence the only significant 
heat wh.ch is transferred from the receiving station re- 
gion ,s conducted through the holding elements 18 and 
thence into the vertical portions 38 of the tubes 34 to be 
withdrawn from the structure by converted air passing 
between the fins 42 and the tubes 34. The design of the 
unit ,s such that neither the size nor design of each heat 
pipe structure 14 is dependent upon the size of the re- 
ceiving station region. Hence, each heat pipe structure 
may extend to any desired length away from the asso- 
ciated holding element 18 and be provided with the re- 
quired number of fins 42 for maintaining the temperature 
within the receiving station region 12 below that which 
could be detrimental to the electronic components on 
ttie boards. The design therefore as basically shown in 
the first embodiment is adaptable for use in ambient 
temperatures between -50'C and + 50°C while main- 
taining the required temperature conditions within the 
receiving station region. With the use of the thermaHy 
insulated cover portion 26 and when operating at ex- 
tremely low temperatures, the fluid contained within the 
heat pipes 34 and which normally converts heat to the 
fins 42 is caused to freeze. This freezing action severely 
limits the amount of heat which can then be transferred 
by the heat pipe structures to the fins and, as the receiv- 
ing station region is thermally insulated, then the tem- 
perature within that region is maintained at a satisfactory 
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high level for use purposes. 

It is convenient for manufacturing purposes for the 
housing to be molded from a plastics material which may 
be instance be a glass filled polycarbonate structure of 
good flexibility with high impact resistance and extreme 5 
rigidity. Certain plastics including this particular material 
have certain permeability factors which enable build-up 
of moisture in the air contained within the housing part 
26. Steps must therefore be taken to remove the mois- 
ture from this encbsed air and also to provide a moisture « 
balance between the inside and the outside of the hous- 
ing part so as to minimize or cancel any tendency for 
condensation accumulation upon the electronic parts 
within the housing and which may be deleteriously af- 
fected thereby. For this purpose, a humidity control de- « 
vice 60 is disposed at the lower end of the rear wall of 
the housing portion 26 (Figure 3a), this device including 
a wall of expanded teflon having a grid size of up to 3 
microns for the purpose of equalizing humidity on the 
two sides of the teflon wall. Expanded teflon available * 
under the trade name GORTEX has been found to be 
completely suitable. It is worthy of note that with the 
equalization of humidity between the inside and the out- 
side of the housing part 26, during low ambient operat- 
ing temperature conditions, the temperatures within the z 
receiving station region 12 are maintained higher than 
the ambient temperatures thereby eliminating any pos- 
sibility of formation of condensate upon the printed cir- 
cuit board surfaces or upon the electronic components. 

In summary, therefore, the structure of the first em- » 
bodiment and within the scope of the invention is one 
which is capable of providing for control of heat to enable 
operation of an electronic unit having electronic compo- 
nents between wide ranges of temperatures, e.g. be- 
tween -50°C and +50°C. The structures of the invention 
are also capable of being made light in weight which has 
strong commercial advantages in manufacture and 
mounting. The heat pipe structures are not limited in de- 
sign or size by the size or configuration of the receiving 
station region of the unit. Also, with the structure of the 
embodiment, the housing operates to act as a solar and 
environmental shield with the housing parts 26 also pro- 
viding required thermal insulation. The solar shield is 
provided even though air is permitted to pass through 
the housing by the design of the air flow apertures with 
their required depth to width ratios. 

For certain requirements, it may not be necessary 
to have a heat pipe structure at each side of the receiv- 
ing station region. For instance, as shown in Figure 4, 
which is a modification of the first embodiment, only one 
heat pipe structure 14 is included and this lies to one 
side of the receiving station region 12. Apart from this 
difference, the structure of the modification is exactly the 
same as described with regard to the first embodiment. 

It is not necessary in structures according to the in- 
vention to have the heat pipe structures of the configu- 
ration described in the first embodiment nor is it neces- 
sary to have the heat pipe structures connected to the 



holding elements in the manner already described. For 
instance, as shown in a second embodiment in Figure 
5, which is a plan view of an electronic unit, two holding 
elements 18a for holding printed circuit boards 20 in a 
receiving station region 12 are disposed in vertical and 
parallel spaced-apart positions one at the front and one 
at the rear of the unit. The holding elements 1 8a are held 
in these positions by frame members 19a extending 
from front to rear of the unit. As with the first embodi- 
> ment, the receiving station region and the holding ele- 
ments 1 8 are enclosed by a part 26 of a housing means 
16. 

In the second embodiment two heat pipe means 70 
are provided, one heat pipe means beiag heat conduc- 
5 tively connected to the rear holding element 1 8 and the 
other to the front holding element. Each heat pipe 
means 70 comprises a plurality of heat pipes (one only 
being shown in each case) which are vertically spaced- 
apart and are thus superimposed in plan view. Each pipe 
o 72 comprises a portion 74 which lies in heat conductive 
connection with a remote vertical surface of its associ- 
ated holding element 16 in a manner similar to the con- 
nection between the pipe portions 38 and the holding 
elements 18 in the first embodiment. In the second em- 
's bodiment however the pipe portions 74 extend horizon- 
tally, in opposite directions, from one heat pipe means 
to the other. These portions 74 connect by bend portions 
76 with outwardly extending portions 78 which are com- 
monly connected to spaced-apart vertical fins 42 in a 
30 manner similar to the structure in the first embodiment. 
Hence, in the second embodiment as in the first embod- 
iment, the fins 42 of the heat pipe means and the receiv- 
ing station region are in alignment with the receiving sta- 
tion region between the two sets of fins. The operation 
35 of the second embodiment is basically similar to that of 
the first embodiment and has the advantages as dis- 
cussed above. 

In the second embodiment discussed above, the 
printed circuit boards 20 are of course inserted vertically 
40 into their receiving stations as in the first embodiment. 
However, in a modification of the second embodiment 
(not shown) the structure in the modification is exactly 
as shown in Figure 5 but is, instead, in side elevation so 
that the holding elements 18a are horizontally disposed 
45 one above another instead of vertically disposed one 
behind the other as in the second embodiment. In the 
modification of the second embodiment, therefore the 
front of the housing part 26 has a removable cover (not 
shown) to enable the printed circuit boards 20 to be in- 
so serted horizontally from the front of the unit into the re- 
ceiving stations of the receiving station region. 

In a further modification of the second embodiment 
also not shown, the frame members 19a are heat con- 
ductively connected to ends of the holding elements 18 
55 and each of the heat pipe means also comprises further 
heat pipes which are heat conductively connected to the 
frame members 1 9a to extend also between the fins 42. 
These further heat pipes are connected to the frame 
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ZT*T V Simi ' ar manner 10 ,he section of 

is also a plan view, the two holding elements 18 are 
spaced apart horizontally across an electronic unit 80 

rl7h C ? ed , in,hefirStembOdimen,ands0as, oex.end 
from the front towards the rear of the unit. In this partic- 
ular case however me holding elements 13 form part of 

82 ^lTT e , haVi " 9 3 b3Se Struc,ural me "*er 
82 which extends along a rear section of the receding 

sta on region. This base member 82 is also enclosed 

by the housing part. In the third embodiment, a single 

£!1T T*™ 84 is provided and *«* extends 
beyond each end of the receiving station region This 

Sl^T s,ructure comprises a p ,ura,i, y * hori- 
zontally extending heat pipes 86 which are superim- 
posed one upon another as shown by Figure 6. Each of 

the heat pipes 86 has a ponion 88 extending in heat con- 
ductive contact with a rear surface of the base member 
82. The contact between each portion 88 and the base 
member 82 is by reception of the heat pipe portion 88 
within a semi-cylindrical horizontally extending groove 
not shown) in the base member 82 in a similar manner 
to the reception of the pipe portions 38 in the vertically 
extending grooves 36 ,n the first embodiment, hach end 
of each pipe portion 88 extends by a bend portion 90 
into an outwardly extending horizontal pipe portion 92 
wh»ch ,s outwardly extending from the associated side 
of the receiving station region. The pipe portions 92 at 

£L .k 1h6 StrUC,Ufe are dis P° sed one 
above another and support common vertically extend- 
ing fins 42 as described in the first embodiment 

In a fourth embodiment as shown by Figure 7 an 
electronic unit 100 has a receMng station regbn 102 
with a single heat pipe means 1 04 disposed to one side 
only of the region 102. The region 102 is covered by an 

ZT^l T 9 ^ 106 and ,he heat P'P e mea "s « 

2 f ° US,n9 P3rt 108 similar ,0 106 "°^ing 
parts 44 of the first embodiment. 

In the fourth embodiment, within the receiving sta- 
rion region two holding elements 18 are provided, these 
holdmg elements being horizontally disposed and 
spaced apart verttealry from one another. The holding 
elements are connected together at front and rear by a 
frame member no and at the left-hand side as viewed 
»n Figure 7 by a heat conductive wall 112 heat conduc- 
tive* connected to the elements 18. Thus the structure 
is a box with an open right-hand side 114 for sideways 
horizontal insertion and removal of printed circuit boards 
20 as indicated by Figure 7. The housing part 106 has 
a removable right-hand side insulated cover 1l5to cov- 
er the open side. 

In the structure of the fourth embodiment, a heat 
Pipe means is provided which has three different types 
o heat p,pe. A first set of heat pipes comprises a plurality 
o horizontally and front to rear spaced apart heat pipes 
1 16 which have portions 118 in heat conductive engage- 



ment with the upper holding element 1 8. These pipe por- 
tions 1 18 are connected by bend portions 1 20 with out- 
wardly extending pipe portions 122. The second set of 
Pipes 124 are of similar construction to the pipes 116 
and are positioned with heat pipe portions 118 beneath 
and heat conductively connected to the lower holdino 
element 18 with outwardly extending pipe portions 122 
disposed beneath the pipe portions 122 of the heat 

w 116 - ' n 3ddition to ,his ' in a »» of pipes 126 
which are also horizontally spaced apart in front to rear 
of the unit, vertical portions 128 of the pipes are heat 
conductrvely connected to an outward vertically extend- 
ing surface of the wall 1 1 2 in a similar fashion to the con- 
tect between the pipe portions 38 and the holding ele- 

« ments 18 of the first embodiment. In the fourth embod- 
iment these pipe portions 128 are connected to horizon- 
tally extend.ng portions 130 which are located between 
Je pipe portions 1 22 of the first and second set of pipes 

20 fjr?^ rtiOTS122and1 ^ common| y su pp^a Pl u: 

3 ■VST* ex,end " g and hor * ontal * spaced 

With the structure of the fourth embodiment, and as 
KfcatKU he printed circuit boards20 are inserted from 
the side of the unit and this requires a part of the cover 
portion 106. 

in modifications of the fourth embodiment, one or 
of the sets of heat pipes described in the fourth em- 
Dodiment may be omitted if desired. 



30 



Claims 



1- An electronic unit comprising a heat conductive 
mounting comprising two spaced apart holding el- 
ements defining a receiving station region for at 
least one substrate carrying an electronic compo- 
nent wrth remote edge regions of the substrate held 
in heat conductive engagement with at least one of 
ttie holding elements, heat pipe means conductive- 
ly connected to said at least one of the holding ele- 
ments for removal of heat from the conductive 
mounting, and housing means around the receiving 
station region, the conductive mounting and the 
beat pipe means, the housing means formed with 
apertures to permit cooling air to flow by convection 
across surfaces of the heat pipe means. 

2. An electronic unit according to claim 1 , wherein the 
two spaced apart holding elements are each sepa- 
rately heat conductively connected to the heat pipe 
means. ¥ 



3. An electronic unit according to claim 1 or claim 2 
wherein the heat pipe means comprises two heat 
pipe structures each comprising at least one heat 
pipe heat conductively connected to an individual 
holdmg elemeni and heat emitting fin means heat 
conductively carried by the at least one heat pipe 
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4. An electronic unit according to any one of claims 1 
to 3, wherein the two heat pipe structures extend 
from opposite sides ol the receiving station region 
with the two heat pipe structures and the receiving 
station region being in alignment. 5 

5. An electronic unit according to any preceding claim, 
wherein the two holding elements are spaced apart 
horizontally and extend vertically and each heat 
pipe structure has at least one heat pipe having a w 
first portion extending upwards in heat conductive 
contact with a surface of its respective vertical hold- 
ing element, the first portion extending into a sec- 
ond portion which extends in a direction laterally of 
the respective vertical holding element, the second 
portion carrying the heat emitting fin means. 

6. An electronic unit according to any one of claims 1 
to 4, wherein the two holding elements are spaced 
apart horizontally and extend vertically and each 20 
heat pipe structure has at least one heat pipe having 

a first portion extending across a surface of its re- 
spective holding element, the first portion extending 
into a second portion which extends in a direction 
away from the receiving station region, the second 25 
portion carrying the heat emitting fin means. 

7. An electronic unit according to any one of claims 1 
to 4 wherein the two holding elements are spaced 
apart vertically and extend horizontally and each 30 
heat pipe structure has at least one heat pipe having 

a first portion extending across a surface of its re- 
spective holding element, the first portion extending 
into a second portion which extends away from the 
receiving station region, the second portion carrying 3S 
the heat emitting fin means. 

8. An electronic unit according to any one of claims 5 
to 7, wherein each heat pipe structure comprises a 
plurality of heat pipes each having a first portion, 
the first portions of the heat pipes being disposed 
one at a lower level than an other and with the sec- 
ond portions also being disposed one at a lower lev- 
el than an other, and the fin means comprises a plu- 
rality of fins carried by the second portions of the & 
heat pipes, the fins spaced apart along the heat 
pipes and extending laterally of the longitudinal di- 
rection of the heat pipes. 

9. An electronic unit according to any one of claims 5 *c 
to 8, wherein one at least one the fins extends 
across and is carried by the second portions of at 
least two heat pipes. 

10. An electronic unit according to claim 1 wherein the « 
two holding elements form part of a single unit also 
comprising a base extending between and heat 
conductively connected to each holding element, 



and the heat pipe means comprises a plurality of 
heat pipes each having a first portion carried by the 
base, the heat pipes extending from opposite ends 
of the base into second portions of the heat pipes, 
the second portions disposed beyond the receiving 
station region and beyond the holding elements and 
carrying heat emitting fin means of the heat pipe 
means. 

An electronic unit according to claim 1 0 wherein the 
second portions of the heat pipes and the heat emit- 
ting fin means are in alignment with the receiving 
station region and at each side of the receiving sta- 
tion region. 

. An electronic unit according to claim 1 wherein the 
heat pipe means comprises at least one heat pipe 
which is heat conductively connected to the two 
holding elements, the at least one heat pipe extend- 
ing outwardly away from the receiving station region 
and carrying heat emitting fin means spaced from 
the receiving station region, and the housing means 
comprises a thermally insulated housing part ex- 
tending over the receiving station region to ensure 
that substantially all of the heat removed from the 
receiving station region is removed solely through 
the heat conductive mounting and the heat pipe 
means. 

13. An electronic unit according to any preceding claim, 
wherein the housing means also includes a further 
housing part disposed over the fin means, the fur- 
ther housing part having a plurality of air flow aper- 
tures extending therethrough, each of the air flow 
apertures having a depth from the inside to the out- 
side of the further housing part which exceeds the 
width of the aperture. 

14. An electronic unit as claimed in any preceding 
claim, wherein the or each heat pipe contains a fluid 
which freezes at low temperatures. 

15. A housing for a substrate carrying an electronic 
component, said housing comprising a heat con- 
ductive mounting comprising two spaced apart 
holding elements defining a receiving station region 
for receiving, in use, said substrate in heat conduc- 
tive engagement with at least one of the holding el- 
ements, heat pipe means conductively connected 
to said at least one of the holding elements for re- 
moval of heat from the conductive mounting, and 
housing means around the receiving station region, 
the conductive mounting and the heat pipe means, 
the housing means formed with apertures to permit 
cooling air to flow by convection across surfaces of 
the heat pipe means. 

16. A method of controlling the operating temperature 
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of an electrons unit comprising a heat conductive 

ZTIT^ ,W ° SpaCed a ' 3art hol ^9 el 
ements definmg a receiving station region for at 
least one substrate carrying an electronic compj 
nent vwth remote edge regions of the substratehS 
-n heat conductive engagement with at leas Tone 5 
he hold.ng elements and heat pipe means conduc 
trvely connected to said at leas, one of the S 
elements for removal of heat from the conduct ve 
jwmjng. said method comprising providing hous 
■ng means around the receiving station re Jon the 
conduct™ mounting and the heat pipe meanT and 
proving the housing means wfth apertureTto per 

rS a,f,0f,OWbyconvec ^^s surfaces 
of the heat pipe means. 
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(54) Electronic unit 

(57) Electronic unit in which a heat conductive 
mounting comprises two spaced apart holding elements 
providing a receiving station for a printed circuit board. 
Edge regions of the board, are in heat conductive en- 
gagement with the holding elements. Heat is conducted 
from electronic components on the board into the hold- 



ing elements and from there into heat pipes connected 
to the holding elements. A housing around the heat 
pipes has apertures for flow of cooling air around the 
heat pipes. Part of the housing around the receiving sta- 
tion is thermally insulated thereby ensuring that sub- 
stantially all of the heat is removed through the heat 
pipes. 



CO 
< 
CO 

o> 

CO 

CO 
CO 
00 

o 

Q. 
LU 




FIG. 2 



19 38 ( 4 f 2 



Prbtod by Jouvo. 7S001 PARIS (FR) 



OCID: <EP 0863696A3J_> 



EP 0 863 696 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 1519 



A.O 



A,D 



DOCUM E ^jj^CON S IDE RED TO BE RELEVANT 



Ca'egcry Ouikc •-icjcj-nen with indication, where appropriate 
_* 'i."*» v.tm pa ssages 

2 7CI 6:5 A (ADVANCED COMPUTER) 
19 August 1994 

* Page 5. line 24 - page 6, line 33; 
figure 3 • 

PATENT ABSTRACTS OP JAPAN 
vol 096. no. CI2, 26 December 1996 

{|fSn5Mi 3 ^5^ (T0SHIBA TRANSPORT ENG 
KK:T0SH:BA CORF), 20 August 1996 

* abstract ♦ 

EP 0 501 04C A (BELL TELEPHONE MFC) 
I September 1992 

* column 2. lire 36 - column 3, line 28 * 

U?* 5 , 5 5 2 9r51 A (VAN GAAL ADRIANUS P ET 
AL) 3 September 1996 

US 5 548 643 A (OALGLEISH KEVIN L ET AL) 
20 August 1996 



Relevant 
to claim 



The preseni search <eport nas been drawn up tor all ciatns 



1-16 



1-16 



1,15,16 



CLASSIFICATION OP THE 
APPLICATION (lnt.CU) 



H05K7/20 
H01L23/427 



TECHNICAL FIELDS 
SEARCHED (lntCI.6) 



H05K 

H01L 



s 



THE HAGUE 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if ta-on j-ont 

V : particularly relevant a cc-nt*r* j wth anctner 

document cA rr»e same c Hoc wy 
A : tecnnological backgroura 
0 • ion- written dsclosure 
P • mterroecaaie document 



Dau oi c orii pb e u i i of ths sMicri 

28 April 1999 



Toussaint, F 



T : theory orprincple underlying the invention 
t earlier patent document, put pupfcfced on. or 

after me Ring date 
D : documert cited in the application 
L : document cited for other reasons 



& : member of the same patent famiry, corre^c^ng 
document 



™>. <EP 0863696A3J_> 



2 



EP 0 863 696 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 30 1519 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP fife on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose ol information. 

28-04-1999 



Patent document 
caeo m search report 



Publication 
data 



Patent family 
member(s) 



Publication 
date 



FR 2701625 
EP 0501044 



19-08-1994 
02-09-1992 



NONE 



0E 69104603 0 

DE 69104603 T 

JP 5106956 A 

US 5329425 A 



17-11-1994 
04-05-1995 
27-04-1993 
12-07-1994 



US 5552961 
US 5543643 



03-09-1996 
20-08-1996 



NONE 

CA 2128554 A 



22-01-1996 



u For more details at>out this annex : see Official Journal of the European Patent Office. No. 12/82 



DCID: <£P 0863696A3J_> 



3 



- ■ '^m BLANK 
PAGE BLANK (uspto) 



